INTRODUCTION
============

Asthma is a chronic inflammatory disorder of the airways in which many cells and cellular elements evolved, such as eosinophils and mast cells, as well as interleukin-4 (IL-4), IL-13, interferon-γ (INF-γ), and tissue necrosis factor-α (TNF-α) released from T helper (Th) lymphocytes.^[@R1]^ Recently, an increasing number of animal studies have demonstrated that IL-13 plays an important role in the pathogenesis of asthma by markedly activating arginase I (Arg I) expression in pulmonary macrophages via the transcription factors CCAAT-enhancer binding protein and signal transducers and activators of transcription (STAT) 6.^[@R2]--[@R4]^ The mechanisms of Arg I in the development of asthma have been well studied which include the following 2 major pathways: firstly, it may contribute to airway remodeling through converting [l]{.smallcaps}-arginine to [l]{.smallcaps}-ornithine, and then to polyamines and [l]{.smallcaps}-proline with the catalytic action of ornithine decarboxylase (ODC) and ornithine aminotransferase (OAT), respectively. It has been identified that polyamines may contribute to proliferation of structural cells in airways by promoting histone acetyltransferase activity and chromatin hyperacetylation, while [l]{.smallcaps}-proline is the precursor of collagen which can induce subepithelial fibrosis in asthmatic airways.^[@R5]--[@R7]^ Secondly, it may aggravate the allergen-induced airway hyperresponsiveness (AHR) by decreasing the production of bronchodilating nitric oxide (NO) and increasing the formation of procontractile and proinflammatory peroxynitrite via suppressing the [l]{.smallcaps}-arginine bioavailability to nitric oxide synthase (NOS).^[@R8],[@R9]^ Therefore, treatment targeting IL-13 may have potential clinical values in attenuating IL-13-induced AHR, alleviating asthmatic symptoms, decreasing exacerbation, and improving pulmonary function in patients with asthma.

It was firstly reported by Singh et al^[@R10]^ that IL-13 blockage therapy could be safely administered in patients with asthma. In the study, they compared three different doses of CAT-354, that is tralokinumab, with placebo in mild to moderate asthma, and the results showed that the maximum serum medication concentration and area under the curve were dose-dependent, and few adverse events related to study medication happened. Since then, a great variety of IL-13 antagonists have emerged, especially the humanized IgG-type monoclonal antibodies that compete with IL-13 receptors for specifically binding to IL-13 and result in neutralizing their functional activities, such as lebrikizumab and GSK679586.^[@R11],[@R12]^ Two randomized, double-blind, placebo-controlled studies compared placebo with lebrikizumab and GSK679586 in patients with asthma, respectively, and they demonstrated that the mean increase in forced expiratory volume in 1 second (FEV~1~) was 5.5% higher in lebrikizumab group (*P* = 0.02) and the mean decrease in level of fraction of exhaled nitric oxide (FeNO) was greater in GSK679586 group than in placebo group.^[@R11],[@R13]^ However, in the studies by de Boer et al^[@R8]^ and Corren et al,^[@R11]^ they reported a negative effect of antiinterleukin 13 on improving symptoms and decreasing Asthma Control Questionnaire (ACQ) scores in patients with asthma. Therefore, from bench to clinic, the exact effects of antiinterleukin 13 on patients with asthma still do not reach a consensus thus necessitating further evaluations.

Based on the controversial conclusions from different studies, we conducted a systematic review and meta-analysis of all randomized, double-blinded, placebo-controlled trials and aimed to further clarify the efficacy and safety of antiinterleukin 13 therapies in adult patients with severe asthma.

METHODS
=======

Study protocol was approved by the Institutional Ethical Committee for Clinical and Biomedical Research of West China Hospital (Sichuan, China) and the corresponding institutional review board in each enrolled trial. Written informed consent was obtained from all participants before enrolment.

Search Strategies
-----------------

We conducted a comprehensive computer search, from 1946 to June 2015, in Pubmed, Embase, Medline, Cochrane Central Register of Controlled Trials (CENTRAL), American College of Physician (ACP) Journal Club, and ISI Web of Science using "anti-interleukin," "anti interleukin," or "monoclonal antibody" and "asthma." Publication type of randomized controlled trials (RCTs) was limited. A review of references listed in the identified articles and a manual search of the related articles were performed to identify all relevant and eligible studies and minimize publication bias.

Inclusion and Exclusion Criteria
--------------------------------

Eligible clinical trials were defined based on the following criteria: study design was randomized, double-blinded, placebo-controlled trial; adult patients with an age ≥18 years old; severe asthma was diagnosed by physicians with at least 12% increase in the FEV~1~ after inhalation of a short-acting bronchodilator and a pre-bronchodilator FEV~1~ between 35% and 85% of the predicted value at the time of randomization; intervention treatment was antiinterleukin 13 monoclonal antibody therapy with comparison with placebo, regardless of the different drug names and doses; outcome measures included blood and sputum eosinophils count, pulmonary functions such as FEV~1~, peak expiratory flow (PEF) and the provocation concentration of methacholine causing a 20% fall in FEV~1~ (methacholine PC~20~), FeNO, ACQ, rescue use of short-acting-β-agonist (SABA), and rate of asthmatic exacerbation and adverse events. We did not include trials that were nonrandomized controlled, observational, cohort, or case control.

Study Selection
---------------

Two investigators conducted study selection independently in 2 phases. Firstly, they discarded duplicated and nonrandomized controlled studies by screening titles and abstracts. Secondly, eligible studies were extracted by reviewing full texts according to the study inclusion criteria. Any disagreement was solved by mutual consensus in the presence of a third investigator.

Data Extraction
---------------

The 2 investigators used a standardized data extraction form to extract related data from each eligible study independently, which included authors, publication year, study design, study population, patient demographic characteristics (age, gender, etc.), details of intervention treatment (drug name, dose, and administration routine), and outcome measures and study results.^[@R14]^ Differences in opinion were resolved by reaching a consensus or by inquiring a third investigator.

Quality Assessment
------------------

The standard bias tool recommended by Cochrane was used to assess the risk of potential biases in the methods and outcomes reported by each enrolled study, which included: random sequence generation (selection bias); allocation concealment (selection bias); blinding of participants and personnel (performance bias); blinding of related outcomes assessment (detection bias); incomplete outcome data (attrition bias); selective reporting (reporting bias); and other bias.^[@R14]^ Theses processes were performed by 2 independent investigators, but mutual consensus was reached with a third investigator if any disagreement presented.

Statistical Analysis
--------------------

Statistical analysis was conducted by an independent statistician using Cochrane systematic review software Review Manager (RevMan; Version 5.3.5. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). We defined *z*-value and *P*-value \<0.05 as statistical significance with Mann--Whitney *U* test, and the results of the hypothesis tests were displayed in Forest plots. While for data that could not be pooled in the meta-analysis, we conducted a systematic review.

Dichotomous variables were reported as frequency and proportion, while continuous were shown as mean and standard derivation (SD). Random-effects model was applied in all data analysis regardless of the statistical heterogeneity. For dichotomous data we calculated risk ratio (RR) and 95% confidence interval (CI), while for continuous data we calculated mean difference and 95% CI. Moreover, as for FEV~1~ and incidence of exacerbation and adverse events, we separately performed subanalysis in different drugs.

We tested the clinical, methodological, and statistical heterogeneities using the χ^2^ test with *P* \< 0.1 and *I*^2^ \> 50% indicating significance. Sensitivity analysis was also conducted to substitute alternative decisions or ranges of values for decisions that were arbitrary or unclear.

RESULTS
=======

Initially we identified 525 records in the electronic databases and extracted another 7 records from the reference lists. After screening the titles and abstracts, 510 studies were discarded, of which 128 studies were duplicated, 178 studies were not RCTs, 50 studies did not enroll asthmatic patients, and 154 studies did not administer antiinterleukin monoclonal antibody as intervention treatment. The remaining 22 studies were searched for full-text articles and eventually 8 trials^[@R10],[@R11],[@R13],[@R15]--[@R19]^ were included in the final analysis, because the discarded 14 studies did not apply antiinterleukin 13 (12 trials administered antiinterleukin 5 while 2 trials prescribed antiinterleukin 9) (Figure [1](#F1){ref-type="fig"}).

![Study flow diagram. RCT = randomized controlled trial.](medi-95-e2556-g001){#F1}

Study Description
-----------------

All studies enrolled were randomized, double-blind, placebo-controlled trials, of which 3 studies^[@R11],[@R16],[@R19]^ used lebrikizumab as intervention drug, 2 studies^[@R13],[@R18]^ used GSK679586, 2 studies^[@R10],[@R17]^ used tralokinumab (CAT-354), and 1 study^[@R15]^ used both IMA-638 and IMA-026. Five studies^[@R11],[@R15]--[@R17],[@R19]^ administered drugs via subcutaneous injection, while 3 studies^[@R10],[@R13],[@R18]^ via intravenous infusion.

Two studies^[@R15],[@R18]^ reported eosinophils count, 6 studies reported pulmonary functions, of which 4 studies^[@R11],[@R16]--[@R18]^ presented FEV~1~, 3 studies^[@R11],[@R16],[@R17]^ presented PEF and 2 studies^[@R15],[@R19]^ presented methacholine PC~20~, 3 studies^[@R11],[@R13],[@R16]^ reported FeNO, 4 studies^[@R11],[@R16]--[@R18]^ reported ACQ, 2 studies^[@R16],[@R17]^ rescue use of SABA, 4 studies^[@R11],[@R16]--[@R18]^ reported rate of asthmatic exacerbation, and all studies^[@R10],[@R11],[@R13],[@R15]--[@R19]^ reported adverse events. In terms of FEV~1~ and rate of exacerbation and adverse events, relevant studies showed the exact data, thus we pooled the studies and conducted a meta-analysis, while for the other outcome measures, we performed a systematic review.

A total of 957 patients with asthma were studied, among which, 591 (61.8%) received antiinterleukin 13 while 366 (38.2%) received placebo. Details of patients' characteristics, intervention strategies, and outcomes are summarized in Table [1](#T1){ref-type="table"}, and baseline characteristics of the patients enrolled are described in Table [2](#T2){ref-type="table"}. Quality assessment of the 8 studies showed that although unknown risks of attrition and reporting biases existed, no biases in selection, blinding of participants and personnel, or blinding of outcome assessment were identified (Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}). Sensitivity analysis showed that none of these 8 studies was excluded for low quality or dubious decisions, and the funnel plot of the 8 studies evaluated the effect of antiinterleukin 13 on adverse events appeared to be symmetrical through visual examination (Figure [4](#F4){ref-type="fig"}).

###### 

Details of the 8 Studies Reviewed
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###### 

Baseline Characteristics of Patients in the 8 Studies Included
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![Funnel of the enrolled studies. RR = risk ratio, SE = standard error.](medi-95-e2556-g006){#F4}

Heterogeneity
-------------

No statistical heterogeneity was found either in FEV~1~ (*I*^2^ = 26%, χ^2^ = 2.71, *P* = 0.26) (Figure [5](#F5){ref-type="fig"}), or in rate of adverse events (*I*^2^ = 0%, χ^2^ = 6.36, *P* = 0.50) (Figure [7](#F7){ref-type="fig"}), whereas significant statistical heterogeneity was found in rate of exacerbation (*I*^2^ = 61%, χ^2^ = 7.66, *P* = 0.05) (Figure [6](#F6){ref-type="fig"}). For the other outcome measures, we did not evaluate the heterogeneity due to the incomplete data, which could not be pooled in the meta-analysis.

![The effect of antiinterleukin 13 versus placebo on FEV~1~. CI = confidence interval; FEV~1~ = forced expiratory volume in 1 second; SD = standard derivation.](medi-95-e2556-g007){#F5}

![The effect of antiinterleukin 13 versus placebo on exacerbation. CI = confidence interval; M.-H = Mantel--Haenszel.](medi-95-e2556-g008){#F6}

Findings and Outcomes
---------------------

### Eosinophil Count

Eosinophils play a predominant role in the development of chronic airway inflammation, and a bulk of allergic asthmatics have elevated levels of eosinophil in peripheral blood and sputum. Out of the 8 studies enrolled, 2 trials compared the blood eosinophil levels between antiinterleukin 13 treatment and placebo.^[@R15],[@R18]^ From the results reported, both studies showed no essential change of eosinophil level in blood after monoclonal therapy with antiinterleukin 13, regardless of the different drugs they used, which draw a conclusion of no effect of antiinterleukin 13 antibody on blood eosinophils (Table [3](#T3){ref-type="table"} ).

###### 

Results of Eosinophil Count, PEF, Methacholine PC~20~, FeNO, ACQ, and Rescue Use of SABA
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###### 

Results of Eosinophil Count, PEF, Methacholine PC~20~, FeNO, ACQ, and Rescue Use of SABA
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### Lung Function

Three out of 4 studies reported the accurate data of FEV~1~ change from baseline, thus making it possible to conduct a meta-analysis.^[@R11],[@R16],[@R17]^Figure [5](#F5){ref-type="fig"} shows that lebrikizumab could not significantly improve the FEV~1~ in patients with asthma compared with placebo (95% CI: −1.34 to 5.45, *z* = 1.19, *P* = 0.24), neither did the pooled data analysis (95% CI: −1.03 to 2.22, *z* = 0.72, *P* = 0.47).

Three trials depicted the change of PEF after treatment with antiinterleukin 13, of which 2 trials used lebrikizumab as intervention drug while 1 trial used tralokinumab.^[@R11],[@R16],[@R17]^ Results from the studies illustrated that both lebrikizumab and tralokinumab could significantly improve PEF compared with placebo (Table [3](#T3){ref-type="table"} ). Meanwhile, another 2 studies showed the results in methacholine PC~20~,^[@R15],[@R19]^ however, both demonstrated that there was no difference between antiinterleukin 13 treatment with lebrikizumab, IMA-638 and -026 and placebo in terms of methacholine PC~20~ values (Table [3](#T3){ref-type="table"} ).

### FeNO

Of the 3 studies^[@R11],[@R13],[@R16]^ reporting FeNO, 2 showed that lebrikizumab was associated with a 19% to 49% mean decline in FeNO from baseline compared with placebo (*P* \< 0.001), and 1 demonstrated that GSK679586 can also reduce FeNO relatively to the baseline (Table [3](#T3){ref-type="table"} ).

### ACQ

Four trials^[@R11],[@R16]--[@R18]^ with 3 different antiinterleukin 13 antibodies reported ACQ scores. However, a similar outcome was identified that antiinterleukin 13 could not significantly improve asthmatic symptoms though ACQ scores were slightly decreased after antiinterleukin 13 treatment (Table [3](#T3){ref-type="table"} ).

### Rescue Use of SABA

Two out of 8 trials evaluated the effect of antiinterleukin 13 antibodies on SABA use: Noonan study showed that the reductions in reliever medication use were similar between lebrikizumab and placebo (−0.3 vs −0.6, *P* = 0.29), whereas Piper study resulted in significant reduction in β~2~ agonist use in tralokinumab treatment group compared with placebo (−0.68 vs −0.10, *P* = 0.020) (Table [3](#T3){ref-type="table"} ).

### Asthmatic Exacerbation and Adverse Events

The meta-analysis of the effect of antiinterleukin 13 monoclonal therapies on exacerbation in patients with asthma are summarized in Figure [6](#F6){ref-type="fig"}. The pooled RR was 0.55 (95% CI: 0.31--0.96), which showed that antiinterleukin 13 could significantly decrease asthmatic exacerbation compared with placebo (*z* = 2.10, *P* = 0.04). The incidence of adverse events in the treatment of antiinterleukin 13 are shown in Figure [7](#F7){ref-type="fig"}, from which we could identify that there was no significant difference in adverse events between antiinterleukin 13 and placebo (RR 1.00, 95% CI: 0.91--1.10, *z* = 0.00, *P* = 1.00).

![The effect of antiinterleukin 13 versus placebo on adverse events. CI = confidence interval; M-H = Mantel--Haenszel.](medi-95-e2556-g011){#F7}

DISCUSSION
==========

In our systematic review and meta-analysis, we found that treatment with antiinterleukin 13 monoclonal antibodies could be safely used in patients with asthma to improve PEF, decrease FeNO and asthmatic exacerbation, and even probably reduce rescue use of SABA, but could not decrease blood and sputum eosinophil levels, improve FEV~1~, inhibit methacholine PC~20~, reduce ACQ scores.

Reversible airflow limitation is the clinical and pathological hallmark of asthma, and lung function test nowadays remains not only the gold standard in diagnosis, but also the important measurements in evaluating treatment efficacy, in which the change of FEV~1~ and PEF, as well as Methacholine PC~20~ are mostly used.^[@R1]^ In terms with FEV~1~, an inconsistent conclusion was drawn from four studies with different antiinterleukin 13 antibodies. De Boever et al^[@R18]^ firstly reported the treatment of GSK679586 in patients with severe asthma, but they did not find a statistically significant improvement in FEV~1~. While in the following studies applying other antiinterleukin 13 antibodies, that is tralokinumab and lebrikizumab, FEV~1~ was significantly improved.^[@R11],[@R16],[@R17]^ In our meta-analysis, the result showed that antiinterleukin 13 therapies could not significantly improve FEV~1~, which favored in the conclusions reported by De Boever. Potential explanations for the lack of efficacy of antiinterleukin 13 therapies on improving FEV~1~ may due to the following reasons: inconsistent drug properties: in the studies included in our final analysis, different drugs with various bioavailability, pharmacokinetics and pharmacodynamics were administered and different status of asthmatic patients were enrolled, thus might induce biases in the results and outcomes; insufficiency of only blocking IL-13: in patients with severe asthma, IL-13 imbalance may merely be one of the underlying pathogenesis in FEV~1~ decline due to a long term of taking high-dose corticosteroids or functional redundancy with IL-4 or other mediators of asthma.^[@R18]^ Moreover, in our systematic review, we found that antiinterleukin antibodies could improve PEF, but had no effect on methacholine PC~20~. However, we could not draw exact conclusions in these two parameters, because insufficient data could be extracted from the original studies to perform the pooling meta-analysis.

FeNO is measured by the large amount of NO produced by inducible NOS (iNOS), which is a noninvasive parameter reflecting the airway inflammation.^[@R20]^ An increasing number of evidence have revealed that arginase plays a central role in the pathophysiology of asthma, and arginase activity has been shown to be associated with the [l]{.smallcaps}-arginine bioavailability to NOS thus influencing the production of NO in an animal experiment, in which arginase antagonist fully reversed the AHR to methacholine while NOS antagonist further prevented that effect.^[@R9],[@R21]^ Therefore, antiinterleukin 13 antibodies could theologically decrease NO in the exhaled breath produced by iNOS and improve lung function by increasing bronchodilating NO via constitutive NOS (cNOS). Our study showed that treatment with antiinterleukin antibodies could significantly decrease FeNO, which further demonstrated the underlying mechanisms mentioned above and the potential clinical values of antiinterleukin 13 antibodies in patients with severe asthma.

ACQ is a patients-reported outcome widely used in clinical trials, which comprised of 5 comprehensive questions that is night-time waking, symptoms on waking, activity limitation, shortness of breath and wheezing. It has been verified to have strong evaluative and discriminative properties and can be used with confidence to measure asthma control.^[@R22]^ SABA is one of the most important relievers to rapidly dilate the bronchial smooth muscle and relieve the asthmatic symptoms via activating the β~2~ receptors in airways. Numbers of rescue use of SABA has already been recommended as one of measurements to assess the levels of asthma control and severity.^[@R1]^ In our study, we did not find significant reduction in ACQ scores after treatment with antiinterleukin 13 antibodies, while the effect on reducing rescue use of SABA was elusive, which we considered to be resulted from the insignificant improvement in lung functions and unchanged levels of eosinophil in peripheral blood and sputum. However, compared with placebo, a slight decrease of ACQ scores was observed after treatment of antiinterleukin 13 although without significance, which suggested that antiinterleukin 13 therapies were able to provide some evidence of pharmacology specially located in the lung.

Acute exacerbations are major causes of morbidity and mortality in patients with asthma, and IL-13-induced AHR may be the underlying mechanism.^[@R3],[@R23]^ Yang et al^[@R3]^ found that, in vitro, IL-13-induced activation of Arg I significantly correlated with the AHR, and inhibition of the function of Arg I specifically alleviated IL-13-induced AHR. In the in vivo study by Corren et al,^[@R11]^ they compared antiinterleukin 13 antibodies with placebo in 219 adult patients with asthma and firstly demonstrated a trend of lower exacerbations in the antiinterleukin 13 group. In our pooled meta-analysis, we found that asthma exacerbations were significantly decreased after treatment with antiinterleukin 13 antibodies but without increasing the incidence of adverse events, which further strengthen and supported the clinical application of antiinterleukin 13 therapies in patients with severe asthma. However, interpretation of our result should be cautious due to significant statistical heterogeneity in the pooled data of enrolled studies.

Limitations of our study are as follows: Firstly, the name, dose, administration routine, and duration of the intervention drugs were not identical in the enrolled studies, which may result in performance biases. Secondly, the baseline characteristics of the patients were not completely provided which may lead to selection biases. Thirdly, arginase and NOS levels were not measured which made it elusive to understand the mechanism of antiinterleukin 13 in treatment of asthmatics. Finally, our study focused specially on the IL-13-induced AHR rather than the pathway of airway remodeling via production of polyamines and [l]{.smallcaps}-proline, which was also the fundamental mechanism of severe asthma with refractory symptoms and nonresponsiveness to corticosteroids. Therefore, future studies involving and dealing with these issues are urgently needed.

CONCLUSIONS
===========

Antiinterleukin 13 monoclonal therapies could be safely used to improve PEF, decrease FeNO and asthmatic exacerbation, and probably reduce rescue use of SABA, but could not decrease blood and sputum eosinophil levels, improve FEV~1~, inhibit methacholine PC~20~, or reduce ACQ scores. Based on our systemic review, we suggest using antiinterleukin 13 as a final add-on treatment in uncontrolled asthmatics nor as a substitute of bronchodilators or corticosteroids.
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